Introduction
While large cities depend on major airports carrying out hub functions to provide various international non-stop connections, smaller downtown business airports are much appreciated by businessmen due to their accessibility. Neighbourhood activists usually oppose these airports mainly because of extensive noise pollution and emissions. Opposition obviously becomes stronger the more central airports are located, since population density is typically found to be much higher in * We are grateful to Stephen J. Redding, Daniel M. Sturm and Nikolaus Wolf for sharing some valuable data. We acknowledge the support of the Berlin Senate Department for Urban Development in person of Markus Breithaupt and Monika Mischlinsky who kindly provided the GIScontent which allowed for bringing the geographic dimension into this research. We also would like to thank seminar participants at University of Hamburg, in particular Marc Gronwald, for most helpful comments and suggestions.
HCED 11 -Assessing External Effects of City Airports 2 downtown areas. As a consequence, local authorities are confronted with two conflicting interests, emphasizing the role of downtown airports as a location factor to attract businesses on the one hand and the necessity of protecting local residents' living quality on the other. To make appropriate decisions, politicians have to rely on valid information about the extent to which residents are effectively exposed to the external effects mentioned. As attractiveness of real estate is immediately capitalized into prices, any considerable external impact of airports should be reflected in price differences. External effects being monetarily quantifiable, politicians may take into account wealth effects on local residents and consequently better determine feasible compensation.
Due to the importance of external effects of airports on affected residents, local authorities and real estate analysts, the impact of airports has attracted scholars' attention. BELL (2001) provides a survey on the impact on residents' physical condition and introduces effects on property prices. Most empirical studies available so far focus on North America (MIESZKOWSKI & SAPER, 1978; NELSON, 1979;  UYENO, HAMILTON, & BIGGS, 1993) or United Kingdom, where Manchester Airport has attracted much attention (COLLINS & EVANS, 1994; PENNINGTON, TO-PHAM, & WARD, 1990; TOMKINS et al., 1998) . Little evidence is available for continental Europe. Surveys on the empirical literature show that airports are clearly found to adversely affect property values (NELSON, 1980 ; VAN PRAAG & BAARSMA, 2005) .
Besides being only the second analysis of a case in continental Europe, this study adds three new aspects to the existing literature: First, it analyses two airports, Tegel (IATA Code: TLX) and Tempelhof (IATA Code: THF) in one city. It addresses important dissimilarities between the airports: Tegel Airport presently handles ten times as many passengers a year as Tempelhof Airport. And building structure and land use of surrounding properties also differ considerably between the airports. While Tegel's air corridor covers large water space with an industrial area to the west and low-density residential areas to the east, Tempelhof Airport is embedded in a high-density residential area of 19 th century five-storey buildings.
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Comparing the effects generated by varying levels of air traffic on distinctly developed areas might provide valuable insights into the nature of the effects of noise on location attractiveness and capitalization into property prices.
Second, both Tegel and Tempelhof Airports are located relatively centrally and are surrounded by developed areas potentially adversely affected, whereas most airports in the studies mentioned above are outside city boundaries.
Third, this paper applies a hedonic model using highly disaggregated data of 15,937 official statistical blocks, the most disaggregated level available at the Statistical Office of Berlin. To analyse this highly disaggregated dataset we employ GIS tools and a projected GIS map of the official block structure including information on public infrastructure, such as schools, playgrounds and railway stations, enabling generation of impact variables.
The remainder of this article is organized as follows. In Section 2 we present Tegel and Tempelhof Airports in more detail while section 3 discusses the data. In Section 4 our empirical strategy is developed and results are presented in Section 5.
The final section concludes the paper and provides an outlook for the future.
Berlin Airports Tegel and Tempelhof
The official inauguration of Tempelhof was in 1923. After complete redevelopment during the national socialist regime, Tempelhof was clearly Germany's most important air hub with a maximum capacity of 6 million passengers a year, exceeding the effective 1934 numbers by a factor of thirty. 1 These dimensions, the facility design and architectural and historical particularities have frequently been discussed (CARRÉ, 2000; DEMPS & PAESCHKE, 1998; MEUSER, 2000; SCHMITZ, 1997 Figure 1 shows passenger traffic at Berlin airports since reunification in 1990. 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Tegel Schönefeld
Tempelhof
Source: German Airports Association. URL: http://www.adv-net.org/eng/gfx/index.php.
As noted above, the capacity of both airports is restricted by their central location and good accessibility. Figure 2 shows the location of the airports and the officially determined noise protection zones. Small noise protection zones reflect the relatively low air traffic at Tempelhof, which lies within an area of high population density. Compared to the city airports at Tegel and Tempelhof, the location of Schönefeld is remote. In recent years, Schönefeld, which will be redeveloped as the new Berlin Brandenburg International (BBI) Airport, has become much appreciated by low-cost carriers due to low operating costs. However, Tegel continues being the most important airport for business flights and the only airport in Berlin to offer intercontinental connections. Tempelhof, much smaller, is predominantly used by businessmen. Therefore, due to custom and connection to the central business district (CBD) areas, both city airports are particularly appreciated by the business community. 
Data and Data Management
The study area covers the whole of Berlin, the capital city of Germany, which on 
H is the aggregated value of attribute characteristics, which translates into a market value or sales price (P) following a determined functional relationship:
In urban and real estate economic literature, it is common to assume this relationship is log-linear, allowing for a non-linear relationship between price and attribute values and being more intuitively interpretable than other non-linear models. When interpreting regression results, the attribute coefficient gives the percentage impact of changes in attribute value on property value. For coefficient values smaller than 10%, this rule may also be applied to dummy variables (ELLEN et al., 2001) . 6 Following TU (2005), the relationships in (1) and (2) can be formulated more precisely in the regression equation
where i, j and k represent the number of attributes, β, γ and δ represent the coefficients and ε is an error term.
In recent publications much attention has been paid to the characteristics of real estate units (ELLEN et al., 2001; GALSTER, TATIAN, & PETTIT, 2004; HEIKKILA et al., 1989; TU, 2005) . To compare property transactions it is necessary to correct all transactions for a complete set of unit characteristics. Indeed, a feasible correction for unit characteristics enables reference to land values instead of property prices (HEIKKILA et al., 1989) . As we directly focus on land values as the endogenous variable, we can largely move away from unit characteristics and even the price-lot size relationship. 7 We focus on other factors and develop a model which describes Berlin's land value pattern through a comprehensive set of explanatory variables covering land use, accessibility indicators, natural endowments, public services provision and variables representing density and composition of neighbourhood populations.
We capture land use by dummy variables that identify blocks where considerable retail or business activity takes place or where the main use is industrial, 8 the remaining blocks representing residential areas. We use a variable representing the typical block FSI value, allowing for a quadratic term, since land value is expected to increase at a declining rate with increasing FSI.
Location characteristics are captured by a set of distance variables reflecting accessibility and proximity to amenities. Following VON THÜNEN (1826) and ALONSO (1964) , the most important accessibility indicator is the distance to CBD 7 Lot size was typically found to have a concave functional impact on land values (COLWELL & MUNNEKE, 1997; COLWELL & SIRMANS, 1993) . Later, a convex structure was indicated within the metropolitan area CBDs (COLWELL & MUNNEKE, 1999) . (CHESHIRE & SHEPPARD, 1995; DUBIN & SUNG, 1990; HEIKKILA et al., 1989; ISAK-SON, 1997; JORDAAN, DROST, & MAKGATA, 2004) .
In contrast to the usual assumption of one single CBD, Berlin is characterised by duocentricity. This characteristic emerged during the 1920s and was strengthened during the period of division, 1949 (ELKINS & HOFMEISTER, 1988 .
Modelling Berlin as a typical monocentric city could lead to biased estimates (DUBIN & SUNG, 1990 We define CBD West as as having Breitscheidplatz as its centre. The centre of CBD East is defined as the crossroads between Friedrichstrasse and Leipzigerstrasse. 12 residential areas. We also include proximity to playgrounds and schools, providing information on the supply of public services.
As indicators of neighbourhood quality, we add population density and proportion of foreign residents (DUBIN & SUNG, 1990; TU, 2005) . We also consider proportion of other potential low-income groups, such as people over the age of 65, and young professionals and students between the ages of 18 and 27. To assess any impact related to households with children, we use proxy variables of the proportion of the population in the following age classes: below 6; from 6 to 15;
and from 15 to 18.
Recently, there have been attempts to control for location using large sets of dummy variables representing location fixed effects (ELLEN et al., 2001; GALSTER, TATIAN, & PETTIT, 2004; GALSTER, TATIAN, & SMITH, 1999; TU, 2005) . We use this concept to account for potential East-West heterogeneity by introducing a dummy variable for West Berlin, which we allow to interact with all explanatory variables to allow for heterogeneity of all implicit attribute prices.
Spatial dependence may lead to autocorrelation, leading to inefficient ordinary least squares (OLS) estimates and biased test scores. Intuitively, spatial dependence can be assumed to be the result of external effects of surrounding areas.
One explanation for spatial dependence in property prices and rents is that the buyer and seller consider previous transactions that have occurred in the immediate vicinity. To deal with spatial dependence, CAN & MEGBOLUGBE (1997) used a spatial autoregressive explanatory variable representing a distance-weighted average of local sales prices occurring prior to the transaction. 11 To determine the value of the spatially lagged variable for block i, we weight the land value of neighbouring block j (P j ) with spatial weight
13 where (1/d ij ) represents the inverse distance between the centroids of blocks i and j. The spatial lag value for block i takes the form
Having decided to use a spatial weight matrix, weighted by inverse distance, the spatial extent surrounding properties then needs to be defined. Spatially lagged variables have positive effects on the explanatory power of models. This is the result of omitting attributes that are most likely to be correlated across space. Due to the large explanatory power of the spatial lag variable (i.e.,
Moran's I coefficient close to one), we emphasise that the explanatory power of our model depends only to a minor extent on the introduction of the lag term. In Table A2 , we compare the performance of our final hedonic baseline regression
(1) with performance when omitting the lag term (3). An R² of close to 0.9 indicates that our model performs well when neglecting spatial dependence. 13 However, the improvements in residuals following the spatial model extension are substantial. In Figure 3 , the residuals corresponding to Table A1 , Column (3), are plotted in a three-dimensional space. STRUCT, LOC and NEIGH are vectors of structural, locational and neighbourhood characteristics, respectively; and Spatial_Lag is the spatial autoregressive term from (4). α, β, γ and lower case letters represent the set of coefficients to be estimated and ε is an error term. In Table A1 , in the Appendix, there is a detailed description of the components. Attribute variables interact with dummy variables to allow implicit values to vary across space and land use. 
Modelling the Impact of Airports
We capture irregularities in land value pattern due to the airports by extending our baseline model with variables that attribute unexplained variation to zones of potential impact. Typically, externalities assessed in the urban economic literature can be assumed to spread evenly in all directions. Impact thus can be assessed using simple geometric forms like concentric rings and straight line distances to the potential sources of externalities (ELLEN et al., 2001; GALSTER, TATIAN, & PETTIT, 2004; TU, 2005) .
Assessing impact of noise generated by taking off and landing involves more complex forms, since sources of externalities move at high speed, thereby emanating noise over different locations at different altitudes. To account for the resulting sound pattern, we rely on officially determined protection zones which define areas being similarly affected by aircraft noise. 15 For each airfield there are two protection zones defined where the inner zone hardly exceeds the airport's territory. However, even outer zones describe areas still being exposed to aircraft noise. Since sonic sound does not halt at the borderline of a determined protection zone, we create larger zones capturing disturbance effects at larger dis- An alternative approach to attribute impact on land values to a potential source of external effects is to introduce distance of property to the location investigation. While this approach is straightforward when externalities can be assumed to spread concentrically, the application of straight line distances to airfield centres would necessarily lead to biased estimates. For instance, a distance of one kilometre to the runway along the air corridor might still be recognized as being close in terms of noise disturbance, while residents living at the same distance on the vertical centre line are likely to feel less perturbed by aircraft approaching and taking off. To deal with this particularity, we calculate equivalent distances in terms of noise perception, relying on simple geometry. We approximate the officially-defined outer protection zone by introducing a symmetric ellipse as exemplified for Tempelhof in Figure 6 . Fitting a coordinate system into the major and minor axes for airfield j, the ellipse is perfectly described by semimajor axis a j and semiminor axis b j, since the ellipse is the locus of point i fulfilling the condition 
where x ij and y ij represent the coordinates of point i relative to the origin of coordinate system j. 16 Holding a j and b j constant, for every point i in coordinate system j, we obtain the value 
Fig. 7 Fitted Ellipse and Equivalent Distances
For each point i within the coordinate system, the length of the semimajor axis for the corresponding ellipse can be determined by multiplying the c value by semimajor axis parameter a j of the original ellipse. Thus, 
can be interpreted as point i equivalent distance to the centre of airfield j if it lies on the coordinate system's main axis corresponding to the air corridor. d ij provides a comparable distance measure to the source of noise pollution.
Empirical Results

Baseline Hedonic Model
The baseline hedonic model (Table A2, Centrality is important, although the significantly positive coefficient for Business x Dist_Cent shows that the location premium that business users are willing to pay is not linked strongly to distance from CBD. 
Empirical Impact of Berlin Airports on Land values
Notes:
The basic model is the same as in Column (1) (1) suggest a location premium of 2% for properties within zones 2 and 3, and up to 17 The area extends slightly more to the west (4 km) than to the east (3.5 km).
3% for zone 1. The Tegel air corridor, particularly the western wing, covers a large industrial area nerved by bodies of water. As land values within these areas may feasibly be assumed to react relatively inelastically to noise pollution, we repeat the estimation for Tegel Airport considering only impact on blocks exclusively used for residential purposes (Column (3)). However, the coefficients reveal the same picture.
Results so far suggest a significantly negative impact of airports on land values within zones 1 and 2 of Tempelhof Airport. To assess whether within these zones there is a clear relationship between impact and distance, we introduce equivalent distances as described in the methodological section. In Table 2 we capture the impact of Tempelhof by introducing a dummy variable denoting all blocks lying within zones 1 and 2 where impact was previously found to be significant.
Also interacting this dummy variable with the equivalent distance variable (Column (1)) reveals a significantly positive distance-impact relationship.
Results suggest that along the air corridor impact diminishes from approximately 9% to 5% after 5 km, a distance corresponding to zone 2 of Tempelhof Airport.
The same approach applied to Tegel Airport (Column (2)) reveals no distanceimpact relationship significantly different from zero. Within zone 1, positive impact even increases with proximity (Column (3)), although the coefficient estimate is extremely close to zero. Results of Columns (1) and (3) 
The basic model is the same as in Column (1) Table 1 above. Zone_1 is defined as in Table 2 . Zone_1_2 is a dummy variable denoting blocks lying either in zone 1 or 2. Eq. Distance is the equivalent distance from each block's centroid to the runway centre in equivalent meter units on the coordinates' main axes. Neighbourhood effects are defined as in Table 2 . Standard errors (in parentheses) are heteroscedastically robust. *Significance at the 10% level; **Significance at the 5% level; ***Significance at the 1% level.
Fig. 8 Impact Tempelhof and Tegel Airports
Notes: Graphs displayed in this figure illustrate the coefficient estimates represented in Table 3 , Columns (1) tances to CBDs as a simple accessibility indicator. We make use of highly disaggregated population and employment (at workplace) data to calculate more precise accessibility indicators for all three Berlin Airports. Following the tradition in economic geography, we represent airport accessibility j for residents by population potentiality PP j , which is the distance-weighted sum of population of all instances of block k in Berlin (P k ).
where α is the distance decay factor and r jk is the shortest road distance between block k and airport main entrance j. α takes the value of 0.5, a typically applied value in the urban economic and economic geography literature (WU, 2000) . Employment potential is calculated analogically using data on employment at workplace to reflect accessibility from businessmen's perspective. In terms of accessibility, Tempelhof Airport is clearly the most favourable from both a resident's (population potentiality) and a businessman's (employment potentiality) point of view. Just considering Berlin residents and employees, the location of Schöne-feld/BBI Airport is remote compared to both city airports. Gebiete"), this ensured that price data for residential areas was sufficiently disaggregated to draw a comprehensive picture. Aggregation to statistical area level was by averaging the highest and lowest standard land values within the respective area. To guarantee that averages represented a feasible proxy of overall area valuation, a threshold for the ratio of maximum-to-minimum land value within a statistical area was introduced. If this ratio was > 2, then the extreme values were entered individually and averages were taken for the remaining blocks until the ratio fell below the threshold value. This had to be done in only very few cases, since generally maximum and minimum values were close. Notes: Model (1) represents our baseline hedonic model, which we obtain after stepwise deletion of statistically insignificant variables of the full model specification (2). In (3) we repeat our baseline regression omitting the spatial lag-variable. The dependent variable is the natural logarithm of standard land values in all models. Independent variables are described in table 1. Standard errors (in parenthesis) are heteroscedasticity robust. * denotes significance at the 10% level; ** denotes significance at the 5% level; *** denotes significance at the 1% level.
Tab. A1 Description of Variables and Abbreviations
